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INTRODUCTION

Organic dedrosynthesis is a very adive aeaof research
and in some caes is used for the large scade production o
chemicds with the dedrodimeration d aaylonitrile to
adiporitrile & a well known example [1]. This highly
successull process demonstrates that it is possble to
envision to use of electrochemistry for the synthesis of
other important chemicds either at large scde or at
smaller scde for spedalty compounds. Abou a decale
ago, a few groups becane interested in the
eledrochemicd produwction d ethylene glycol from
formaldehyde [2,3]. Ethylene glycol is used indwstrialy
for the produwction o poyesters and as antifreeze
Therefore, the development of an eledrochemicd process
that is efficient, cost-effedive and which aso do na rely
asmuch on al by-productsis attradive.

In the ealier studies it was foundthat only graphitic ae
efficient eledrode materials for the dedrochemicd
reduction d formaldehyde to ethylene glycol [2]. This
seledivity was attributed to the presence of oxygen
functionalities at the surface of the dedrode. Recently,
we have shown that oxygen functiondities can be
generated at randamly oriented graphite dedrodes [4] but
that a longterm stability of these graphite dedrodes is
laking when used for the dedrohydodimeration o
formaldehyde [5].

In this work, we wish to report our results on the use of
modified graphite dedrodes for the dedrosynthesis of
ethylene glycol. Graphite dedrodes were modified with
with the a@m to increse the stability of the graphite
eledrode in organic dedrosynthesis. In this work,
graphite dedrodes were modified with substituted phenyl
groups [6] and with aboron-doped damond coating [7].

EXPERIMENTAL

Randamly oriented gaphite dedrodes, ATJ and
Stadkpole 2020 (SP,used in this sudy were from a
commercial source obtained from UCAR Carbon
Co.(Ville dAnjou, Québeq), Inc. and Carbon d America
(Toronto), respedively. The graphite dedrode were
modified by eledrochemicd reduction at - 0.7 V for 4
min. of a 5 mM (4-caboxyphtenyl)diazonium
tetrafluorobarate/aceonitrile solution (6). The diamond
layer was prepared acording to a published procedure (7).

RESULTSAND DISCUSSION

In aprevious gudy (5) we have observed a deaease of the
current effiency for ethylene glycol production with time
(or charge pased duing the dedrosynthesis). In that
study, a flow cdl similar to that described previoulsy (2)
was used with graphite (ATJ and SP) as cahode materials.
The deaease of the arrent efficiency could be related to



the inhibition effea of methanal and hgh concentration o
ethylene glycol. In some instances, a mechanicd
desintegration o graphite particles was also clealy
noticedle. In order to improve the mechanicd stability of
graphite dedrodes, two dfferent types of "coatings' were
generated at their surfaces; a boron-doped damond layer
and a 4-carboxyplenyl group.

In the present study a two-compartment H-cel was used
for the eperiments. The aurrent efficiency for the
unmodified ATJ and SPeledrodes is close to 100% after
an initial 5 kC of charge was consummed. Further
eledrolysis led to a monaoneous deaease of the arrent
efficiency and a value of abou 50 % is readed after 50
kC of charge. These results are in agreement with those
reported previoudy in the literature [2].

In contrast to the bare graphite dedrode, a boron doped
diamond coated SP graphite dedrode displays a nealy
current efficiency of 100% up to a charge of 50 kC, when
the dedrolysis was terminated. The fad that a airrent
efficiency of 100% is maintained with a diamond coated
graphite dedrode suggests that the nature of the dedrode
material is very important to achieve good prformance
The observation o such a high efficiency is aso
surprising since the presence of oxygen functiondlities is
tough to be esential for an efficient eledrodimerization
of formaldehyde and were required for the proposed
readion medchanism (2). The concentration and rature of
oxygen functiondliti es differ substantially for graphite and
diamondsurfaces.

Scanning eledron micrographs of the diamond coated
graphite dedrode dter an eledrolysis of 50 kC reveded
that the diamond layer was removed from the surfacein
some aess. This result was expeded because the
adhesion d diamond layer is not optimized yet and hes
been reported previously []. The improvement of the
adhesion o diamond coating on \arious non condtcting
or condicting substrates is currently underway in ore of
our laboratory (). The presence of diamond onthe surface
both at the beginning and after eledrolysis was confirmed
by Raman spedroscopy. The diamond eak was observed
at ??7?in bah cases.

A smilar dabilizagion d the arrent efficiency was
ohserved with the 4-carboxyphenyl modified ATJ graphite
as the aurrent effiency also remains close to 100% for an
eledrolysis of 50 kC. This result is very surprising since
this eledrode is placel in very agressve andtions during
the dedrolysisandit is not clea that the subtituted phenyl
group can remain on the dedrode surface in these
condtions. On the other hand, the presence of carboxylic
groups might be beneficial for the process at least at the
beginning o the dedrolysis.
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